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Hydrogen cluster beams for fueling can be produced 
by the successive processes; adiabatic expansion of 
hydrogen gas, ionization of cluster particles, electt:ostatic 
acceleration of cluster ions (and neutralization of cluster ion 
beams, if necessary). A conventional ionizer to ionize cluster 
particles has a similar structure to an ionization gauge, where 
cluster ions are produced by bombardment of electrons 
coming from filaments in the ionizer. In the research, we 
proposed a new, simpler method to ionize cluster particles 
and experimentally tested the validity of the method. 
The new method is that a dc discharge is produced 
between a pulse nozzle and a skimmer by connecting a dc 
power supply between them. Cluster particles spread out 
from the pulse nozzle are expected to be ionized immediately 
by the produced plasma. 
The experimental setup is shown in Fig. 1. For 
simplicity, a flat metal wall with an orifice of Imm in 
diameter was set in front of the pulse nozzle by 1 cm apart, 
instead of a skimmer. Both sides of the metal wall were 
evacuated by individual vacuum pumps, establishing 
differential pumping. Argon was used as a working gas 
instead of hydrogen because clusters can be produced even 
in a room temperature. The beam current was detected by a 
metal target of 5 cm in diameter positioned at 10 cm 
downstream of the metal wall. 
Waveforms of the discharge current and the target 
current are shown in Fig. 2 when the argon gas pressure was 
2 atm. (abs) and the discharge voltage was 500 V. The 
discharge current started to flow simultaneously as the pulse 
nozzle was opened at 10 ms and continued to flow even after 
the nozzle was closed at 42 ms. The latter indicates that the 
electrical discharge occurred in the gas spread out in the 
vacuum chamber. The target current was, however, detected 
only when the nozzle was open. This means that the ionized 
beam was produced only in the gas directly spreading from 
the nozzle. 
Figure 3 is a photograph of the extracted beam looked 
at the downstream side, when the metal target was not 
installed. The beam was radiative because a high-directional 
nozzle was not used in this experiment. 
We found that the gas or clusters spreading from a 
nozzle can be ionized by the electrical discharge between the 
nozzle and the metal wall simulating a skimmer. Clusters 
should be produced under the present experimental 
condition but we did not confirm the existence of clusters. In 
the next step, the existence of clusters, the number ratio of 
clusters to atoms, and the distribution of the size of the 
clusters will be examined as functions of nozzle temperature, 
nozzle pressure, the discharge voltage and current, together 
with the development of high-directional nozzles. 
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Fig. 1 Experimental setup. 
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Fig. 2 Discharge and target currents. 
Fig. 3 Extracted beam. 
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